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ABSTRACT 


Thet aim of the present study la to compute the load carrying 
capacity o£ brick columns with and without ferrocement encasement. 
An attempt has been made to compute the theoretical load capacity 
values, which are compared with the experimental ones. The 
columns are loaded axially as well as eccentrically. The 
Initiation of cracks and the modes of failure have been recorded. 
The failure of encased brick columns is found to be different from 
those of reinforced concrete ones. One of the major conclusions 
of study is that a rational theoretical model must be developed. 



CHAPTER I 


INTRODUCTION, LITERATURE SURVEY AND REVIEU 


1 - 1 GENERAL 

Rural developaent la a proceaa whereby changes are introduced 
in the rural environment to bring about sustained improvements on 
the quality of life among the rural people. The importance of 
rural development to developing countries la fundamental as the 
vast majority (about 90%) of its population lives in rural areas 
with in the grip of poverty [1]. About 70% of the world 
population is in developing countries [2]. 

The rural population continues to be faced with problems, 
poor housing, water storage, inadequate sanitation and other basic 
needs. The basic causes of the problems are the accelerated 
population increase, rural to urban migration and low Income. 

Solution to the problems lies in Integrated rural development 
with proper application of science and technology. Rapid 
introduction of technology which is both capital saving and labour 
intensive, will be a contributing factor to a successful solution 
of the problems. 

To overcome the housing problem and to provide earthquake and 
storm resistant low cast housing, the housing technology for 
developing countries must take into account the following factors. 
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(a) Simple design In keeping with local culture. 

(b) Use of readily available materials. 

(c) Ease of fabrication geared to an unskilled labour force. 

(d) Great flexibility In the type of structure. 

(e) Adaptability to site location and climatic conditions. 

The adoption of ferrocement as an appropriate construction 
material for housing as well as for several other structures makes 
it outstanding and unique. The greatest factors leading to the 
acceptance of ferrocement are: the availability of its raw 
materials In moat of the developing countries. It can be 
fabricated Into any shape and adopted to environmental and 
traditional customs of the country; no skilled labour is required 
and it is suitable for construction on self help basis resulting 
in a feeling of achievement and Involvement among the people. 

Thus, there is a vast potential for ferrocement in the 
developing countries. It is a highly versatile constructlor 
material satisfying the above criteria and at the same time yields 
significant economies during construction [3]. 

About 40% of Indian population is below poverty line but 
consumption of natural resources is at such a level that the cost 
of essential building commodities la reaching sky high. So, ther* 
is a need for low coat houses for the poor and the needy. For th< 
construction of rural houses, villagers largely depend on local 
building materials. In various parts of India brick work If 
extensively used as bricks are available there as readily 


2 



available local material. For example the quality o£ bricks along 
Gangetic plain is very good and are extensively used. Uith proper 
precautions brick work, probably more than any other building 
material can function satisfactorily with the minimum of 
maintenance and cost. Its Inherent advantages, in particular high 
resistance to fire and corrosive chemicals make it one of the most 
popular materials used in modern buildings [4]. 

1 . 2 FERROCEMENT 

Although ferroeement has been used as a material of 
construction for various applications in many countries, only 
recently there has been a growing interest even in the western 
hemisphere to use it as a structural material. The distribution 
in concrete matrix of continuous fine reinforcement compared to 
conventional larger size bars give ferroeement several advantages 
which were recognized for quite some time in many developing 
countries without the support of vigorous analysis. 

Based on the past experience the following topics are 
discussed here: 

(i) Basic definition of ferroeement. 

(il) Useful structural properties. 

(lil)Th6 concept of concrete composites. 

(Iv) General characteristics of continuous arranged micro- 
reinforcement . 

(v) Applications. 
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1.2.1 Definition of Ferrocement 

Ab the material "Ferrocement * waa used for a long time in 
boat building and similar allied structures rather than in 
structural applications, according to the American Bureau of 
shipping it Is: 

highly reinforced shell of concrete " in which the 

steel reinforcement is distributed widely throughout the concrete, 

so that the material under stress acts approximately as a 

homogeneous material. The strength properties of material are to 

be determined by testing a significant number of samples. The 

underlined portion of above definition may have different meanings 

of ferrocement to different people [5]. Bezukladov [ <5 ] defined it 

in terms of the ratio of the surface area of reinforcement to the 

volume of the composite. In this manner, ferrocement la 

separated from the conventional reinforced concrete somewhat 

arbitrarily, he assigned the specific surface greater than 2 
2 3 

cm /cm to ferrocement which then behaves more or less as a 

2 3 

homogeneous material. Less than 2 cm /cm is considered 
reinforced concrete. 

Shah [7] called it a composite made with mortar and a fine 
diameter continuous mesh as reinforcement, which has higher bond 
due to its smaller size and a larger surface area per unit volume 
of mortar. Accordingly, this ratio may be as much as ten times 
that which is observed in conventional reinforced concrete; this 
results in failure of ferrocement in tension by the actual 
breaking of wire mesh and a much higher cracking strength in the 
matrix. 
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Kb a coapoaite, certain characteriatlca of ferrocement aay 
thua be eumoarized aa followa: 

(a) Since the wire aeah (reinforcement) ia much atronger in 

tenaion compared to the matrix (mortar), the role of the 
matrix ia to properly hold the mesh in place to give a proper 
protection and to tranafer atreaaea by meana of adequate 
bond . 

(b) Cofflpreaalve atrength of thia compoaite ia generally a 

function of the matrix compreaaive atrength, while the 
tenaile atrength ia a function of the meah content and ita 
propertiea . 

(c) It followa from (b) above that the atreaa-atrain relationahip 
of ferrocement in tenaion may ahow either a complete elaatic 
behaviour (upto fracture of reinforcing meah) or aome 
inelaaticity depending upon the yielding propertiea of the 
meah. 

(d) Since the propertiea of thia compoaite are very much a 

function of orientation of the reinforcement, the material ia 
generally anlaotroplc and may be treated aa auch in the 

theoretical analyaia. 

The above diacuaaion Indicatea the variety of approachea that 
have been made in a atructural definition of ferrocement. The 
American Concrete Inatltute finally adopted the following 
definition. 

"Ferrocement la a type of thin wall reinforced concrete 
conatruction, where usually a hydraulic cement ia reinforced with 
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layers of continuous and relatively small diameter mesh. The mesh 
may be made of metallic materials or other suitable materials”. 

1.2.2 Properties as Building Haterial 

Structural properties of ferrocement differ from reinforced 
cement concrete mainly due to the fine dispersion of reinforcement 
in ferrocement. The important parameters associated with the 
behaviour of ferrocement are as follows. 

(a) Specific Surface : 

Specific surface is defined as the actual surface area of 
reinforcement present per unit volume of mortar. 

(b) Volume Fraction : 

It is a fraction of the total volume of the specimen which is 
occupied by reinforcement. 

Following are the main properties of ferrocement studied so 

far . 

(c) Tensile Behaviour and Crack Propagation : 

Unlike reinforced concrete tensile behaviour of ferrocement 
is considerably different. This la mainly because the 
reinforcement la spaced closer and uniformly than in reinforced 
concrete and its smaller diameter results in a larger specific 
area. This in turn affects, cracking behaviour (finer and more 
number of cracks) in ferrocement. 

Tensile behaviour is characterised by cracking (first crack) 
toughness elongation and ultimate strength of specimen. The work 



of Naaman and Shah [S] has indicated that the stress level at 
which the first crack appeared and the crack spacing and number of 
cracks at failure were a function of the specific surface of 
jv o in £ or c ement as Indicated in Fig* 1*1- 



^ 0 2.467 in*/in’ 


Fig. 1.1fa: Stress at first crack vs. specific surfac^ 

reinforcement. 




Toughneea provided by & alngle layer vaa Increaaed by increaaing 
the number of layera of reinforcement. The ultimate load, carrying 
capacity of ferrocement was the same as the load carrying capacity 
of the reinforcement in that direction. This should be expected 
since the load is carried by the reinforcement itself after the 
mortar has cracked. Thus tensile strength is largely governed by 
the amount of wire mesh reinforcement and is independent of the 
strength and composition of mortar. 

Reinforced cement concrete is the most extensively used 
building material in the world now-a-days . In the materials with 
small Internal flaws or microcracks, under tensile loading, 
unstable crack propagation takes place. 

According to Griffith [9] 

U = f (O', a, E) (1.1) 

where, 

U =: Released energy during crack propagation. 

& = Applied stress. 

a = Crack length 

E = Young's modulus of elasticity 

According to Griffith’s hypothesis crack will begin to propagate 
unstably if the rate of elastic energy release is equal to or 
greater than the energy required to extend the crack. It is clear 
that the resistance of the materials with a particular specific 
surface, energy can be Increaaed by keeping the applied stress 
low, reducing the flaw length or increasing the modulus of 
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elaaticity, E. But it ia not «aay to manipulate elaatic modulua 
(E) and keepinfi applied stress C<5') low. Romuald! and Handel [10] 
have shown that the strain energy release during crack propagation 
ia reduced due to the shear bond between the wire and the mortar, 
resulting in arrest o£ cracks. 

Generally, the distributed reinforcement checks the crack 
length and at the same time generates a large number of 
microcracks indicating that ferrocement behaves very much like a 
homogeneous material in contrast with reinforced concrete. 

C^) FI exural Strength (Behaviour in Bending) : 

It is interesting to note that flexural strength of a 
ferrocement beam can be calculated using the conventional method 
of analysis of reinforced concrete. The load deflection relations 
shown in Fig. 1.2. clearly indicate this. 



Fig. 1.2: Comparison of experimental and analytical 
load-deflection curves for ferrocement apecimena 

The figure also shows that increasing the amount of 
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reinforcement does not significantly increase the cracking moment 
of the beam, indicating that cracking behaviour is different from 
the cracking behaviour in tension. It should also be noted that 
there is no sudden failure as might be expected in the "over 
reinforced" concrete beam. Needless to say that compared to an 
average reinforced concrete beam (which is generally under 
reinforced), the ferrocement beam due to several layers of wire 
mesh tends to be over reinforced. It is therefore important to 
insure that indeed ferrocement will not fall similarly to an 
over-reinforced concrete beam. Analytical and experimental 
evaluations are reported by Johnston and Mowat [11]. Logan and 
Shah [12] Balaguru et.al. [13] and Pama et.al. [14]. Rao and 
Gowdar [15] tested ferrocement under central line load and Logan 
and Shah tested ferrocement beams in flexure by applying third 
point loading. Rajagopalan and Parameshwaran [16] have used a 
theoretical approach to predict ultimate moment and crack 
behaviour . 

Lee, Pama and Raisinghani [17] and Raisinghani [18] tested 
slab elements. They have observed that: 

(1) The flexural tensile stress Increased with Increase if 
specific surface. The moment curvature relation is trilineai 
which is a good approximation of the actual one. 

(ii) Poisson's ratio and modulus of rigidity increase wit! 
increase in specific surface. 
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(lil)Till the tensile crack la developed, the reaponae la elastic. 
Thla la followed by a strain hardening stage where Increasing 
number of cracks are seen with increasing stress. The 
increase in strain is mainly due to increasing crack width. 
For crack width more than 0.5 mm the material begins to flow. 
The maximum permissible crack width is 0.3 mm. After 
material begins to flow it eventually collapses. At this 
stage, the deflection is governed by the crack width alone. 

(e) Impact : 

Impact strength may be looked upon as special property. It is 
a useful parameter in applications related to off-shore 
structures. Impact strength la defined as the energy absorbed by 
the specimen when struck by a swinging pendulum dropped from a 
constant height. The damage is measured by the relative flow of 
water through the damaged surface for a fixed energy absorbed. 
Shah and Key [19] found that higher the specific surface and 
strength of the meshes the lower is the damage due to impact 
loading . 

It has been predicted that the effect of impact loads on 
ferrocement is localised and failure is characterised by a widely 
dispersed area of shattered mortar and even under such conditions, 
the material remains Impervious. Resistance to impact is one of 
the assets of ferrocement. The material has high toughness when 
compared with reinforced cement concrete. 


11 



( £ ) Fatiaue : 

Fatigue atrength of ferrocement may also be looked upon as 
special property. This strength may play an Important role In 
restricting the use of ferrocement In structures subjected to 
such a loading as In bridges. 

It was observed by Ralslnghanl that flexural rigidity 
decreases and stress-strain relations become linear with 
Increasing number of load cycles. Failure is usually sudden and 
brittle. 

Ferrocement can withstand upto 2 x 10^ cycles at stress 
levels of about 40% and 65% of the upper and lower yield loads 
respectively. 

(g) Ductility and Durability : 

Durability and ductility are much higher than those found in 
other forma of construction. The two dimensional continuity of 
fibres Imparts excellent resistance to disintegration and 
facilitates repair of damaged zones simply by plastering. 

These properties are achieved with a thickness that is 
generally less than 25 mm, a dimension which is almost impossible 
with other forms. High levels of performance In ductility, 
strength, cracking resistance and durability can be achieved even 
if the quality control la not upto the standard. 

(h) Creep : 

According to Raisinghani creep rates are inversely 
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proportional to curing time and for low stress levels, 


creep 


attains a steady rate in about 45 days. 

( J ) ^ater (Liquid:) Retaining Capacity : 

Another special property to be noted la that of water 
retention when application of ferrocement is considered in liquid 
storage tanks. The Important aspect here is small crack width so 
that leakage may be minimal. Work by Shah and Naaman [20], 
indicated that crack widths in ferrocement for the same steel 
stress are smaller than in reinforced concrete by one order of 
magnitude. This makes it a better choice on materials for water 
retaining structures. 

(k) Greater Resistance to Environmental Loads : 

Because of one piece construction, it offers greater 

resistance to environmental loads. 

Ability to Adopt Curvature of Construction Unit ; 

It has the ability to adopt the curvature of the units to be 
constructed . 

(m) Easy to Place and Less Form Uork Requirement : 

It is easy to place and can be cast with little or no 
formwork . 

1.3 BRICK UORK 

1.3.1 Brick Mortar and Brickwork: 

Various investigators [21,22,23,24,25] have conducted 
experiments on bricks, mortar and brickwork. On the basis of 
experiments conducted so far they have concluded that: 
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1 ) 


Edge wise and end wise crushing strength of bricks are 47% 
and 43% of flatwise crushing strength respectively. 

11) Tensile strength of brick is 30% to 40% of transverse 
strength (tnodulus of rupture) and shear strength is in the 
range of 30% to 45% of the net compressive strength. 

lii) Poisson’s ratio of brick falls in the range of 0.05 to 0.10. 

iv) Modulus of rupture varies with the square root of the 
crushing strength. 

v) The tensile bond strength of the brick mortar Joint Interface 
does not vary with mortar compressive strength but its rate 
of increment damps down with age. 

vi) The absorption capacity of brick is the predominant factor in 
determining the bond strength between brick and mortar. It 
has also been found that mortars containing the maximum 
amount of water consistent with workability have higher brick 
mortar bond strength than mortar having less water. 

vii) There is no consistent relationship between mortar strength 
and tensile bond strength but bond strength increases as 
mortar flow increases. 

viii) Maximum water addition to mortar will improve the tensile 
bond characteristics while reducing compressive strength 
durability and volume change. 

ix) Mortars having high compressive strength and low air content 
produce relatively high bond strength between brick and 
mortar. It was also found that grout prepared by mixing 
water and ingredients to get desired flow is having lower air 
content compared to the grout prepared from a mortar of 
required mix by adding additional amount of water. 



x) Moist curing of masonry prolongs the hydration period and 
appreciably increases the tensile bond of mortars to masonry 
units . 


xl) The water for 

curing should be 

optimum. 

if 

provided 

in 

excess, it may 

saturate the brick 

resulting 

in 

decrease 

in 


adhesion between brick and mortar as well as the strength of 
the brick itself. 

xii) The stress in brick can vary over a wide range, the strain at 

fracture always lies around 0.001. Putting it in another 

way, the ratio of stress at failure to Young's modulus is 

constant at approximately 0.001. This critical strain is 

very much less than would be expected from theoretical 

consideration of the behaviour of an ideal crystal structure. 

2 

The Young's modulus of bricks ranges from 3.5 kN/mm for low 

2 

strength bricks upto 34 kN/mm for high strength bricks. 
Although under a static load bricks show little or no plastic 
deformation prior to failure, yet under small alternating 
stresses remote from fracture bricks exhibit considerable 
plastic or irreversible strains inside the specimen. 
xiil)The atress/straln relationship for mortar is generally a 
curve showing distinct plastic characteristics. In the 
absence of direct proportionality between stress and strain 
it is difficult to give definite values of Young's modulus 
of mortar and its strength. 

1.3.2 Behaviour of Brickwork in Compression 

Fig. 1.3 shows the graph of brick strength against brick work 
strength tested at 28 days after casting. The results which came 



from different sources were obtained by testing 0.229 m brickwork 
cubes which is one of the methods used for measuring brickwork 



Brickwork strength, N/mm^ 


Fig. 1.3: Brick strength against brickwork cube strength. | 

[ 

strength. The graph is in a form of an exponential curve with a | 
limiting brick work strength of approximately 35 MPa. There is i 

very little increase in brick work strength above a brick strength j 

I 

of 83 MPa. i 

I 

Pig. 1.4 shows a graph of mortar strength and brick work cube | 
strength both tested at 28 days, with brick strength kept j 
constant. Once again the graph is a curve with the increase in 
brick work strength getting progressively smaller as the mortar 
strength increases. These and other tests on brick work cubes and 
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on full size walla have produced a number of empirical formulae 


relating brick mortar and brickwork strength. Moat of these 
Indicate that brickwork strength is proportional to the square 
root of brick strength and the fourth root of mortar strength. 

The typical value of ratio, wall atrength/cube strength la 
approximately 0.7. 



I ^ I I J 

0 10 20 30 40 


Brickwork strength. N/mm* 


Fig- 1.4: Mortar atrength againat brickwork cube atrength. 

There are a number of useful indices which could be used to 
predict brickwork strength. One of these is the density of 
bricks . 

Fig. 1.5 shows a plot of brickwork cube strength against the 
dry density of bricks. The relationship la almost linear. 
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Fifi. l.S: 


Brickwork cube strength against 
bricks. 


dry density of 


Another useful index is the dynamic modulus of mortar. It is 
seen in graph that there is again a linear relationship between 
brick work strength and dynamic modulus. 

Tests on brickwork cubes showed that they are less sensitive 
to curing time than concrete or mortar. This is because a high 
proportion of brick work are bricks whose strength after firing 
remains constant. After 7 days brick work reaches approximately 
80% of its ultimate strength and after 14 days, 95%. The standard 
time for testing brick work la 26 days when it has almost reached 





Fig. 1.6: Brickwork cube strength against the dynamic modulus 
of mortar. 


its ultimate strength. The thickness of mortar bed Joints has 
quite a significant effect on brick work strength. The strength 
of brick work decreases with Increase in thickness of bed Joints. 


Excessive water auction by bricks from mortar also reduces 
brick work strength. 


The effect of workmanship in strength of brick work is of 
paramount importance. It is well known that there are 
considerable practical difficulties in ensuring that frogs are 
completely filled with mortar. It has been shown by teats that 
when single frogged bricks are laid frog down, the resulting brick 
work was 20% weaker than when laid with frogs up. 




1.3.3 Mechanism of Failure in Brick Work Under Axial Load 

Failure in brick work under axial compression is normally by 
vertical splitting due to horizontal! tension in the bricks. Fig. 
1.7 shows a typical failure pattern in a brick work wall. The 
reason for this type of failure la due mainly to the widely 
different strain characteristics of the bricks and mortar joints. 
The mortar la less rigid than the brick and under load its 
tendency is to spread laterally to a greater extent than the 
brick. 



Fig. 1.7: Typical failure pattern In a brickwork wall 


Differential movement is prevented by the bond between the 
brick and mortar and consequently the mortar la put into a state 
of biaxial compression and the brick into biaxial tension [26]. 


CHAPTER II 


THEORY OF FAILURE 

2.1 SIMPLE THEORY OF FAILURE OF COLUMN UNDER AXIAL LOADING 

It ie assumed in the present theory that bricks as well as 
mortar remain elastic upto failure. Brick work under compressive 
loading fails when the tensile strain in the brick reaches its 
ultimate value. This fact can be used in evaluating bearing 
capacity of a column. A qualitative approach has been made to 
develop the theory. 

Consider a brickwork assembly subjected to a vertical 

compressive load P. Let vertical stress due to this load be 

Next consider a single brick which is bound at top and bottom by 

mortar joints of thickness t. Due to bonding between the brick 

and mortar, a composite action between the two la setup with both 

of them being strained together as one unit. The mortar is 

generally less rigid than the brick. In composite action ' the 

orick is subjected to biaxial tension and the mortar is subjected 

to biaxial compression. If the tensile stress developed in the 

>rick is o-. . and compressive stress developed in the mortar is 
bt 

f , then, 
me ’ ' 
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Fie- 2.1: Lateral expansion of brick and mortar tinder vertical 
compressive load. 

Lateral strain in brick due to biaxial tension 



C2.1) 


where and are Elastic modulus and Poisson's ratio of brick 
b b 

respectively. 

Lateral expansion of brick 

= lateral strain x lateral dimension 
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( 2 . 2 ) 


(1 - V B 


Similarly lateral contraction of mortar due to biaxial 
compression; 


m 

ift 


(2.3) 


where E and w are Elastic modulus and Poisson's ratio of mortar 
m m 

respectively. 

If there were no bond between brick and mortar, then. 


Free lateral expansion of brick = -g— B 

b 


(2.4) 


and free lateral contraction of mortar = g— B 


(2.5) 


Fig. 2.1 shows diagrammatically the free lateral expansion of 
brick and mortar due to externally applied stress and the 
resultant expansion of the composite. From figure we see that. 
Lateral contraction in mortar + Lateral expansions of brick 
= Difference in free lateral expansions of mortar 
and brick 


O' 

bt . me 

•g— ® 1“ 

b St 


a 

(l-l* ) B = B ® 

® St ^ 

m D 




( 2 . 6 ) 


From equilibrium 


Tensile force = Compressive force 


O'. h B = O' t B 
bt me 


(2.7) 
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From equations (2.6) and (2.7), we get 
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( 2 . 8 ) 


Total lateral tensile strain in brick: 


„ _ % . %t . . 

^tb ~ E^^ ^b Ej^ “ ''b^ 


(2.9) 


bt 

Substituting for — from equation (2.8) in equation (2.9) 

^b 


tb 
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or, ? 




tb 
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Load : 




Substituting for in equation (2.12), we get 
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P = 




«tb® 


SI 


SI 




17^ <i-"b) 

b 


E. h 


SI 


(2.13) 


At failure, strain in brick reaches its ultimate value, So 

ultimate load at failure: 


? B 
^ u 


u 




( 


m 




SI 


b 



" rt 

sn 


(2.14) 
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The equation (2.14) haa been uaed in calculating theoretical load 
capacitiea of columns. The average load capacity of axially 
loaded unreinforced columns la given in Table 4.14. The model 
that la presented here haa to be drastically improved to compute 
the realistic collapse loads of brick columns. However, the model 
that is presented here is the first step in that direction. 



CHAPTER III 


EXPERIMENTAL PROGRAMME 


3.1 TESTS ON HATERIALS 

3.1.1 Mortar 

Mortar cubea of size 75 mm were cast and tested after seven 
and 28 days. Standard sand has been used in mortar. 

3.1.2 Brick 

First class well burnt bricks were used in the brick masonry 
core construction. To study the dimensional characteristics, ten 
sets of values (each set for length, breadth and depth) were taken 
and the mean of these values is given in Table 4.1. 

Compression teats on bricks were performed as per ISP: 3495 
(Part I) - 1976. Five samples of brick were soaked in water for 
one day before filling the frog with 1:2 mortar grout. The bricks 
were again soaked in water for three days before testing. Bricks 
were placed flat wise between two 3 mm plywood sheets and tested 
for the compressive strength. 

Uater absorption test of bricks was performed as specified by 
IS: 3495 (Part II) - 1976. Five bricks were weighed and then 
immersed In water for 24 hours and then weighed again. The 
difference in weights indicated the amount of water absorbed. 
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TABLE 3.1 


Details of Specimen Columns. 


Specimen 

Column 

No . 

Length Section 

(m) (cm X cm) 

Average 
comp . 
strength 
of bricks 
(MPa) 

28 days 
cube str- 
ength of 
mortar in 
core (MPa) 

28 days Skin rei 

cube str- forcemei 
ength of details 

mortar In 
plaster (MPa) 

LI 

2.75 

27.5x27.5 

23.20 

2.54 

17.25 

Nil 

L2 

2.75 

27.5x27.5 

23.20 

2.54 

17.25 

Nil 

SI 

2.00 

27.5x27.5 

23.20 

2.54 

17.25 

Nil 

S2 

2.00 

27.5x27.5 

23.20 

2.54 

17.25 

Nil 

S3 

2.00 

28 X 28 

23.20 

2.54 

17.25 

Two layet 

S4 

2.00 

27.5x27.5 

23.20 

2.54 

17.25 

1 

One layef 

S5 

2.00 

25.2x25.2 

23.20 

2.54 

17.25 

Nil ’ 

S6 

2.00 

28 X 28 

23.20 

2-54 

17.25 

Two layetf 

S7 

2.00 

27.5x27.5 

23.20 

2.54 

17.25 

One layer 

S8 

2.00 

25.2x25.2 

23.20 

2.54 

17.25 

1 

Nil i 

j 

Efflor 

escence test was performed as 

per IS:3495 

[ 

(Part III) - : 

1976. A shallow 

dish was filled with distilled water. These 

five 1 

bt^ick &a.XQpl68 plaiCGd in 

it in such 

f 

a manner that the depth of | 

immersion in water was more than 25 mm. 

The whole arrangement 

I 

was 1 

kept until 

all the water in the dish was 

[ 

absorbed by the bricks 

and surplus 

water 

evaporated. 

A similar 

quantity 

of water 

was 

again poured in the dish and 

allowed to 

evaporate as 

before . 
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3.2 SPECIMEN PREPARATION 

First, brick masonry cores were constructed. Then some of 
these were plastered without providing wire mesh reinforcement. 
Remaining cores were provided with ferrocement encasing by 
wrapping first, the wiremesh with the help of nails and binding 
wire and then plastering over it. 

Columns SI, S2, LI, L2, S5 and SS were not having wire mesh 
reinforcement. Columns were plastered with mortar prepared from 
cement of Batch-2. For core construction of all columns mortar of 
cement of Batch-1 was used. 

Columns S4 and S7 were provided with two layers of wire mesh. 
The wrapping of wire mesh and plastering have been done after five 
days of completion of masonry cores, so that the cores could not 
be damaged while wrapping of mesh or plastering. In all columns 
1:4 mortar has been used. The details of specimens are given in 
Table 3.1. 

3.3 TESTING OF COLUMNS 

The experiments were planned to determine the bearing 
capacity and def ormablllty of columns loaded by an axial or 
eccentric force of short duration. Axial loading has been given as 
UDL by putting a plate over column and then loading on it. 
Eccentric loading has been provided by plate and rollar 
arrangement. A rubber sheet was also put in each case between 
column surface and plate. Loading arrangements are shown in Figs. 
3.1 through 3.3 by photographs. 
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ig . 3.1: 


Photograph showing test set-up for axial 


loading in 


compression testing machine. 
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e . 3.2: 


Photograph showing test 
Tinius Olsen Universal 


set-up for , axial 
Testing Machine. 


loading in 
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Fig. 3.3: 


Photograph showing test set-tip for eccentric loading in 
Tinius Olsen Universal Testing Machine. 
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Poasibly large programine o£ observationa of the phyalcal 
phenomenon which accompany the loading and the failure of the 

columns has been realised. The load was applied at the rate of 

9810 kN per minute. While testing, it was observed that moat of 

the columns having no reinforcement failed locally from the top. 
Some of these columns have been tested at different stages after 
removing the top portion which broke down and making the top 

almost plane. These shortened structures of the specimen columns 
have been called columns of the aeries of their original specimen 
columns. The columns tested in more than one stage are LI, L2, SI 
and S2. Various series and their columns are as follows: 

Name of the Series Columns of the Series 

LI Lla, Lib, Lie, Lid 

L2 L2a, L2b, L2c, L2d 

51 Sla, Sib 

52 S2a, S2b 

The two columns LI and L2 have been tested in Compression 
Testing Machine having capacity 600 tonnes and all other columns 
were tested in Tiniua Olsen Universal Testing Machine having 
capacity 200 tonnes. Each column has been tested on the fortieth 
day of its completion. 

For observing strains a gauge length of 28 cm was used in 


each case. 



CHAPTER IV 


RESULTS AND DISCUSSION 

4.1 TESTS ON MATERIALS 

4.1.1 Mortar 

Batch - 1 

(1) 7 - days cube strength = 1.4 MPa 

(ii) 2S - days cube strength = 2.54 MPa 

Batch - 2 

(I) 7 - days cube strength = 11.47 MPa 

(II) 28 - days cube strength = 17.25 MPa 

4.1.2 Bricks 

(a) Dimensional Characteristics of Bricks 

Table 4.1 shows the dimensional characteristics of bricks. II 
la observed that as dimensions increase, coefficients of variatior 
decrease. Secondly the coefficient of variation is in the rang< 
of 1% to 5%, which la very good for hand made units. 
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TABLE 4.1 

Dltnenaional Charact eriat ice of Brlcka. 


Dimension 

Mean 

(mm) 

Standard 

deviation 

Coefficient of 
variation 

Length 

228.00 

2.65 

1.16 

Breadth 

107.50 

3.50 

3.25 

Depth 

62.10 

2.98 

4.80 


(b) Compreaaive Strength 

The mean compreaalve atrength of brlcka waa found to be 23.20 
MPa with a standard deviation, 1.50. 

(e) Water Absorption 

The average of water absorption waa found to be 14.1% by 
weight which ia with in the limita specified in 13:1077-1976. 

(d) Ef florescence 

There waa no perceptible deposit of efflorescence. 

Therefore, the rating of efflorescence was reported as 'Nil' in 
accordance with the definition stated in IS:3495 (Part III) 
1976. 

4.2 TESTS ON COLUMNS 

Observations taken during the experiments have been presented 
in Table Nos. 4.2 through 4.15. For axially loaded columns load 
versus axial deformation and axial deformation versus lateral 
dimension, graphs at different loads, are plotted. For 

eccentrically loaded columns graphs of axial deformation versus 
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lateral dimension are plotted- 


All these graphs are shown in Figs. 4.16 through 4.30. 
Failure modes o£ different columns are shown in Figs. 4.1 through 
4. IB with the help of photographs. 

In all the columns failure started with vertical splitting of 
bricks. Thirteen columns were tested under axial loading 
including eleven unreinforced and two single layered reinforced 
columns. All of the unreinforced columns failed locally from top. 
One of two reinforced columns In which only 2 cm horizontal 
overlap was given betwen two meshes, failed by buckling from 
middle followed by splitting and crushing of bricks from top and 
bottom. Remaining one reinforced column having IB cm horizontal 
overlap between meshes started falling from top as well as bottom 
simultaneously and finally failed only at the ends. 

Five columns were tested under eccentric loading, out of 
which three columns were without reinforcement and two were with 
two layers of mesh reinforcement. One of the unreinforced column 
failed locally from bottom and remaining two of them failed from 
top. 


It seems that stress concentration occurs near the supports 
and most of the columns have failed from top due to nonuniform 
loading because the top of the column might not be having perfect 
plane surface leading to improper contact with loading platten. 

Columns LI and L2 failed locally from top upto not more than 
20% of their lengths. But when shortened columns were tested, the 


36 



TABLE No. 4.2 
























Ph . No . 4,3 

Fig. 4.2: Failure mode of axially loaded column L1b 



Ph . No . 4.4 


Fig. 4.3: Failure mode of axially loaded columnLlc 




TABLE Mo. 4.3 




















{ 

Ph.No. 4.8 


Fi£. 4.5: Failure mode of axially loaded column L2a 
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TABLE No. ^-4 


COLUMN No.S2a 

B/L = 0.137 

TYPE OF LOADING : AXIAL 


LOAD 

IN 

kN 

AX 

i 

(mm) 

AX 

2 

(mm) 

AX 

a 

(mm) 

AX 

* 

(mm) 

AX 

5 

(mm) 

AX 

<s 

(mm) 

Av . 
AX 
(mm) 

Ph. 

No. 

REMARKS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 



73.57 

0.07 

0.07 

0.06 

0.05 

0.03 

0.06 

0.06 



98.10 

0.10 

0.09 

0.08 

0.07 

0.06 

0 . 10 

0.08 



122.6 

1 

0.13 

0.12 

0 .11 

0.09 

0.07 

0.12 

0.11 




1 

0.17 

0.17 

0.15 

0.11 

0.10 

0.16 

0.14 


First Crack 


0.19 

0.18 

0.16 

0.13 

0.10 

0.17 

0.16 

4.9 


n 

0.20 

0.19 

0 .17 

0.13 

0.12 

0.18 

0.17 

4.10 

Failure 


AX . AX . AX , AX , AX and AX are Axial Deformations. 

4 ’ 2 ’ a -4 5 

Ph : Photograph 

















Ph.-No. 4.10 


. Fi£. 4.6: Failure mode of axially loaded column S2< 
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TABLE No. 4.5 


COLUMN No. S2b 

B/L = 0.189 

TYPE OF LOADING : AXIAL 


m 

AX 

4 

(mm) 

AX 

2 

(mm) 

AX 

a 

(mm) 

AX 

(mm) 

r AX 

5 

(mm) 

AX 

a 

(mm) 

Kyi 

1^9 

Ph. 

No. 

REMARKS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

im 


24.52 

0.02 

0.03 

0.03 

0.03 

0.02 

0.02 

.025 



49.05 

0,04 

0.05 

0.05 

0.05 

0.03 

0.03 

0.04 



73.57 

0.05 

0.07 

0.07 

0.08 

0.05 

0.04 

0.06 



98.10 

0.07 

0.09 

0.09 

0.10 

0.07 

0.06 

0.08 



122.6 

0.08 

0.11 

0.11 

0.13 

0.09 

0.07 

0.10 



147 . 2 

0.10 

0.12 

0.13 

0.15 

0.12 

0.08 

0.12 



171 . 6 

0.12 

0.16 

0.16 

0.18 

0.14 

1 

0.11 

0.14 

i 


First Crack 

165.7 





1 





186.4 






,.J 

j 

4.12 

Failure 


AX , AX . AX , AX , AX and AX are Axial Deformations. 

4 ' 2 ' a -t 5 n 

Ph : Photograph 
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Ph.No. 4,11 



Ph.No 4.12 


Fig. 4.7: Failure^ mode of axially loaded column S2b 
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TABLE 140.4.6 


COLUMN No. S5 

B/L = 0.126 

TYPE OF LOADING : AXIAL 


LOAD 

IN 

kN 

AX 

i. 

(mm) 

AX 

2 

(mm) 

AX 

a 

(mm) 

AX 

■i 

(mm) 

AX 

5 

(mm) 

AX 

(mm) 

Av. 

AX 

(mm) 

Ph. 

No. 

REMARKS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 



24.52 

0.01 

0.02 

0.02 

0.02 

0.02 

0.01 

0.02 



49.05 

0.02 

0.04 

0.04 

0.04 

0.03 

0.02 

0.03 



73.57 

0.04 

0.06 

0.07 

0.07 

0.05 

0.04 

0.05 



98.10 

0.07 

0.09 

0.10 

0.09 

0.06 

0.06 

0.08 



122 . 6 

0.09 

0.11 

0.12 

0.12 

0.08 

0.07 

j 

0 .0?^ 



147.2 

0.11 

0.14 

0 . 15 

0.15 

0.11 

0.09 

0.13 


First crack 

171 . 6 

0.10 

0.16 

0.20 

0.20 

0.14 

0.07 

0.14 



196 . 2 

0.12 

0.14 

0.21 

0.24 

0.21 

0.09 

0.17 

4.13 


220.7 

0.14 

0.12 

0.21 

0.25 

0.25 

0.10 

0.18 

4.14 ■ 

Failure 


AX . AX , AX , AX , AX and AX are Axial Deformations. 
1 ’ 2 a •* B 

Ph : Photograph 


47 














Ph.No. 4.13 



Ph.No. 4.14 


Fig. 4.8: Failure mode of axially loaded column "^5 
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TABLE >40.4.7 


COLUMN No. S4 

B/L = 0.137 

TYPE OF LOADING : AXIAL 


LOJiJi 

IN 

kN 

AX 

£ 

(mm) 

AX 

(mm) 

AX 

3 

(mm) 

AX 

(mm) 

AX 

m 

(mm) 

AX 

<s 

(mm) 

moHj' 

Ph. 

No. 

— 

REMAKKS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 



24.52 

0.01 

0.02 

0.01 

0.01 

0.01 

0.01 

0 . 01 



49.05 

0.03 

0.03 

0.03 

0.03 

0.03 

0.01 

.026 



73.57 

0.05 

0.05 

0.04 

0.05 

0.05 

0.03 

0.04 



98.10 

0.07 

0.07 

0.06 

0.06 

0.07 

0.05 

0.06 



122.6 

0.09 

0.10 

0.08 

0.08 

0.09 

0.08 

0.08 




0.12 

0.12 

0.10 

0.10 

0.11 

0 .11 

0.11 




0.15 

0.15 

0.14 

0.13 

0 . 14 

0 .14 

0 . 14 




0.30 

0.26 

0.17 

0 .13 

0.16 

0 .25 

0.21 


First Crack 


0.40 

0.37 

0.25 

0.21 

0.16 

0.30 

0.28 



208.5 

0.56 

0.55 

0.41 

0.32 

0.16 

0 . 36 

0.39 



220 . 7 

0.68 

0.67 

0-52 

0.43 

0.17 

0.42 

0.48 

4.15 

Failure 









4.16 



AX AX . AX , AX , AX and AX are Axial Deformations. 

1*2*3 •* S ^ 


Ph : Photograph 
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Ph.Noj! 4.16 

Fifi. 4.9: Failure mode of axially loaded .column S4 


50 


TABLE Mo. 4.8 


COLUMN No. S7 

B/L = 0.137 

TYPE OF LOADING : AXIAL 


LOAD 

IN 

kN 

AX 

(mm) 

AX 

2 

(mm) 

AX 

a 

(mm) 

AX 

■* 

(mm) 

AX 

5 

(mm) 

AX 

<s 

(mm) 

■Q9|| 

■Qyl 

Ph. 

No. 

remarks; 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 



24.52 

0.00 

0.01 

0.02 

0.02 

0.02 

0.01 

0.01 



49.05 

0.02 

0.03 

0.04 

0.05 

0.05 

0.02 

0.03 



73.57 

0.04 

0.05 

0.06 

0.07 

0.06 

0.05 

0.05 



98 . 10 

0.07 

0.08 

0.09 

0.09 

0.07 

0.06 

0.07 



122 . 6 

0.09 

0.11 

0.11 

0.10 

0.09 

0.08 

0.09 



147.2 

0.09 

0.12 

0.13 

0.11 

0.10 

0.10 

0.11 




0.08 

0.12 

0.14 

0 .11 

0.12 

0.13 

0.12 




0.06 

0.11 

0.13 

0.10 

0.13 

0.14 

0.11 


First Crack 

208.5 

0.03 

0.07 

0.11 

0.08 

0.14 

0.13 

0.10 

4.17 

Failure 





1 




4.18 



AX 

1 


AX , AX , AX , AX and AX are Axial Deformations. 

2 3 <4 S <S 

('E^ T7 M_ ! -"P /\f^Y 

Ph -. Photograph ' ’ ‘ 

« 1 , 

AcC. No. 
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L8 


illy loaded column 




TABLE Mo. 4.9 


COLUMN No. Sla 

B/L = 0.137 

TYPE OF LOADING : ECCENTRIC ( e= 4.5 cm.) 


LOAD 

IN 

kN 

AX 

(mm) 

AX 

2 

Cmm) 

AX 

a 

(mm) 

AX 

* 

Cmm) 

AX 

5 

(mm) 

AX 

<s 

(mm) 

Ph. 

No. 

REMARKS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 



24 . 52 

0.03 

0.00 

0.00 

0.01 

0.01 

0.03 



49.05 

0.06 

0.03 

0.01 

0.01 

0.03 

0.07 



73.57 

0.09 

0.06 

0.03 

0.02 

0.05 

0.11 



98.10 

0.13 

0.08 

0.04 

0.02 

0.08 

0.16 



115.3 

0.16 

0.10 

0.15 

0.03 

0.12 

0.20 



122 . 6 

0.27 

0.18 

0.09 

0.03 

0.18 

0.31 


First Crack 

144.7 

j 



1 


‘ 

4.19 

Failure 


AX . AX , AX , AX , AX and AX are Axial Deformations. 
1 ’ 2 ' a •* 5 <s 

Ph : Photograph 


53 











Ph.No. 4.19 . 


FlS- 4.11: Failure mode of eccentrically loaded column.®'^' 
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TABLE No. 4.10 


COLUMN No. Sib 

B/L= 0.155 

TYPE OF LOADING : ECCENTRIC (e= 2.5 cm.) 


LOAD 

IN 

kN 

AX 

A 

Cmm) 

AX 

2 

(mm) 

AX 

a 

(mm) 

AX 

4 

(mm) 

AX 

5 

(mm) 

AX 

<s 

(mm) 

Ph. 

No. 

REMARKS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 



24.52 

0.03 

0.03 

0.03 

0.02 

0.01 

0.04 



49.05 

0.07 

0.05 

0.05 

0.03 

0.03 

0.07 



73.57 

0 . 10 

0.09 

0.08 

0.05 

0.05 

0.10 



98.10 

0.13 

0.11 

0.10 

0.06 

0.07 

0.13 



122.61 

0.15 

0.13 

0.11 

0.08 

0.08 

0.16 




0.18 

0.15 

0.13 

0.09 

0.10 

0.18 




0.22 

0.19 

0.17 

0.12 

0.12 

0.22 


First Crack 

KVSXVBI 

0 . 30 

0.36 

0.26 

0.16 

0.14 

0.24 

4.20 4.21 

9 

Failure 


AX AX . AX , AX , AX and AX are Axial Deformations. 
’ a ’ 3 -4 s 


Ph : Photograph 
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Ph . No . 4.20 



Ph . No . 4.21' 


t 

Fifi. 4.12: Failure mode of eccen.'trically loaded column. Sih 
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TABLE No. 4. 


COLUMN No. S8 

B/L= 0.126 

TYPE OF LOADING : ECCENTRIC (e= 1.2 cm.) 


LOAD 

IN 

kN 

AX 

i. 

Cmm) 

AX 

2 

(mm) 

AX 

a 

(mm) 

AX 

(mm) 

AX 

5 

(mm) 

AX 

(mm) 

Ph. 

No. 

REMARKS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 



24.52 

0.01 

0.02 

0.02 

0.03 

0.02 

0.01 



49.05 

0.01 

0.04 

0.04 

0.06 

0.03 

0.02 



.73.57 

0.02 

0.06 

0.07 

0.09 

0.07 

0.03 



98.10 

0.04 

0.08 

0.10 

0.13 

0.09 

0.05 



122.6 

0.09 

0.13 

0.14 

0.15 

0.10 

0.07 


First Crafk 

147.2 

0.14 

0.18 

0.19 

0.18 

0.10 

0.12 



171 . 6 

0.22 

0.24 

0.24 

0.21 

0.12 

0.17 

4.22 4.23 

Failure 


AX AX , AX , AX , AX and AX are Axial Deformations. 

* 2 3 <4 5 

Ph : Photograph 
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Ph.Mo. 4.23 

Fi«. 4.13: Failure mode of eccentrically loa^led column Sfi 
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TABLE No. 4. 12 


COLUMN No. S3 

B/L = 0.14 

TYPE OF LOADING : ECCENTRIC (e= 4.5 cm.) 


LOAD 

IN 

kN 

AX 

(mm) 

AX 

2 

(mm) 

AX 

3 

(mm) 

AX 

(mm) 

AX 

B 

(mm) 

AX 

tS 

(mm) 

Ph. 

No. 

REMARKS 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 

0.00 



24.52 

0.02 

0.00 

0.00 

0.00 

0.01 

0.03 



49.05 

0.05 

0.02 

0.00 

0.01 

0.03 

0.05 



73.57 

0.07 

0.03 

0.02 

0.01 

0.04 

0.08 



98.10 

0.10 

0.05 

0.03 

0.01 

0.04 

0.12 



122.6 

0.12 

0.06 

0.03 

0.02 

0.04 

0.15 



147.2 

0.15 

0.09 

0.05 

0.06 

0.06 

0.18 



171.6 

0.18 

0.11 

0.06 

0.04 

0.09 

0.22 


First Crack 

196.2 

0.22 

0.14 

0.09 

0.05 

0.11 

0.26 



220 . 7 

0.27 

0.18 

0.12 

0.06 

0.12 

0.30 

4.24 


242.8 

0.29 

0.20 

0.14 

0 . 08 

0.14 

0.33 



255.1 







4 . 25 

Failure 


AX AX AX AX , AX and AX are Axial Deformations. 

it' 2 ’ B ' ■* 5 <S 


Ph : Photograph 
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Ph.No. 4.24 



Ph.No. 4.25 


Fig. 4.14: Failure mode of eccentrically loaded column S3 
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, Ph .No . 4.26 



Ph.No. 4.27 . 


Failure mode of eccentrically loaded column S6 


Fig. 4.15 
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Axial Deformation/Latero! Dimension (at L-D J 
Curve, COLUMN — S2b 

4.19 
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Axial Deformation/Loterdl Dimension (dt L'O-; 
Curve, C0LUMN-S5' 


FIG. 4. HI 
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FIG. 4.22 
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FIG. 4.24 
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length of failure aone increased. In all other axially loaded, 
unreinforced columns failure was localised upto not more than 30 
to 35% of there lengths from top. Thus failure region/zone keeps 
on becoming more and more localised as length of column increases. 

For eccentrically loaded, unreinforced columns, failure 
region was much less than that in case of axially loaded columns. 
The extent of failure region in this case varies with variation in 
eccentricity of load. The extent of failure region decreases with 
Increase in eccentricity. For ferrocement encased columns, in 
both the cases i.e. axially as well as eccentrically loaded 
columns, the extent of failure region was found to be much more 
than that in case of unreinforced columns, for respective cases. 
Thus wire reinforcement avoids stress concentration near supports. 

The mesh has not failed in any case. After failure and 
crushing of bricks, it was compressed and it lost the contact and 
became loose. It seems that due to thick and galvanized wires 
good bond could not develop. Good composite action, could not be 
achieved due to the same reason. 

In all cases failure was initiated by vertical splitting of 
bricks. thus failure occurs when tensile strain in brick reaches 
its ultimate value. From graphs for axially loaded columns it is 
clear that strain is not uniform throughout the section and the 
trend of variation of strains through the section changes for 
different loadings. 
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This indicates the inhomogeneous behaviour of material Inside 
the column. For eccentric loading also, the variation in axial 
deformation/strain is not linear but smooth curves are formed. In 
cases where dial gauge system has been fitted near the loading 
end, the strain variation la severe. It clearly shows that near 
the supports stress concentration takes place. 

For columns without reinforcement and axial loading the load 
versus axial deformation curves remain straight line up to the 
point where strain reached the value 0.00045. The ultimate strain 
at which failure occurs was found to be 0.0005. For the columns 
having single layer of mesh reinforcement the proportional limit 
was reached when strain became 0.0004 and ultimate at which 
failure occurred, found to be 0.00045. 

Average load carrying capacity of 2m columns having no 
reinforcement was found to be about 200 kN under axial loading. 
The corresponding value with single layer of reinforcement was 
found to be about 220 kN. Thus the increase in axial load 
carrying capacity was observed only to be 10% or so, which is much 
leas than theoretical value. Variation of eccentricity on 
reinforced columns does not effect substantially the load carrying 
capacity. In case of eccentric loading the mesh is compressed in 
compression side and it bulges out. Thus it does not contribute to 
the strength of column. 

Elastic constants in brickwork are difficult to establish and 
tend to vary with a number of factors. Considering the worst and 
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the beat caaea, we get from the equation (2.14) derived in Chapter 
II, the valuea preaented in Table 4.14 for apecimen columna having 
no reinforcement. The calculation of load capacitiea haa been 
made by taking ultimate strain in brick to be equal to 0.001. 


TABLE 4.14 

Compariaion of Actual and Theoretical Valuea of Average Load 
Capacity of Axially Loaded Unreinforced Columns. 


Uorst possible 
capacity (kN) 

Best possible 
capacity (kM) 

Actual /Experimental 
capacity (kN) 

1550 

7000 

200 

The actual 

average load capacity 

obtained from experiments 

has also been 

given in the table. 

It is very difficult to 


predict the elastic constants Involvled in brick work. Moreover 
stress strain curve for mortar is not a straight line but is a 
curve. So mortar behaves more plastically than elastically. 

In developing theory an ideal case haa been taken where 
bricks as well as mortar are considered as an elastic homogeneous 
material. But that is not the actual case. The theoretical 
capacities are too large than actual ones and also, the range of 
theoretical valuea of capacity is also very large. 

Considering all these facts it is clear that the theory 
presented for calculating load capacity for axially loaded 
column, could not provide satisfactory results. It should be 
refined and relooked. 
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CHAPTER V 


CONCLUSIONS AND RECOMMENDATIONS 

5.1 CONCLUSIONS 

Fcoffl the foregoing experltnental and theoretical study the 
follovlng conclusions may be drawn: 

(I) Stress concentration takes place near supports. That la why 
local failure of columns occurs. So more reinforcement is 
necessary at supports than In the middle. It may also be possible 
to Increase load bearing capacity by only providing reinforcement 
at the ends upto some length. 

(II) More the length, lesser was the zone of failure. 

(III) It is clear from failure behaviour of columns studied that 
good composite action could not be achieved due to thick and 
galvanized wire mesh. 

(iv) Effect of wire mesh reinforcement In increasing load 
carrying capacity, in case of eccentric loading is much less as 
compared to that of axial loading. 

(v) In case of axial loading, encasement increased the load 
carrying capacity by lOt or so. 



(vi) For eccentrically loaded columns the effect of eccentricity 
does not very much influence the load carrying capacity. 

(vil) The margin between experimental and theoretical capacity 
values is substantial which requires a relook into the modelling. 

(vlll) Encasement of columns increases the zone of failure, thus 
reduces stress concentration. 

(lx) The wire mesh should be of higher gauge wires and spacing 
of wires should be less. Ungalvanized wire meshes are desirable, 
so that good composite action can develop. These flexible wire 
meshes can be wrapped around the column with ease. 

(x) Horizontal overlap between different wire meshes should 
not be less than 15 cm. 

(xi) To get good composite action the reinforcement should be 
uniformly provided throughout the thickness of plaster. Many 
layers of fine wire mesh should be provided instead of one thick 
wire mesh, having mortar in between them. 

(xli) For axially loaded unreinforced columns, elastic behaviour 
of column ceases when strain is about 0.00045 and failure occurs 
at about 0.0005. 

(xiii) For axially loaded single layered columns the strains at 
elastic limit and failure are 0.0004 and 0.00045 respectively. 

5.2 SCOPE OF FURTHER STUDY 

(1) By using smaller diameter and fine wire mesh and rich mortar 
more specimens should be cast and tested, so that good composite 
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action could be developed. It is expected that the load capacity 
will increase much more. 

(li) More reinforcement f^at supports than in the middle portion 
should be provided. •* 

(Hi) Varying amounts df '> reinforcement over different regions 
along the length besides type- of wire mesh may also be studied. 
It should be seen that failure occurs by splitting of column along 
the whole length for axial *2l>dading. The simultaneous failure of 
bricks and mesh should be attained. 

(iv) Ferrocement encased columns should be tested under dynamic 

loading " 

(v) The brick columns may' also be reinforced by providing 
angles along the edges besides fine wire mesh. 

(vl) Some specimens should be made and tested by providing 

multilayered mesh cover at the top and bottom of the columns. 

(vli) Experiments could be conducted on columns having various 

lengths and sections. 

(vlii) The upper limit for the reinforcement should be 
established . 

(lx) Specimen should be made by providing uniform fine wired 

reinforcement throughout the thickness and tested. 

(x) Theory of failure of axially loaded columns should be 

relooked and refined. - 
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(Xi) 

should 


Correction factors for various degrees of 
be established. 


si endernesi 
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APPENDIX 







(e) 




Fifi. Showing details of specimen columns 


(a) 

(b) 

(c) 

Cd) 

( 6 ) 

(f) 


Longitudinal section through one layered encased column 
Longitudinal section through masonry core 

Longitudinal section through two layered encased column 
Transverse section through one layered encased column ^ 
Transverse section through masonry core 

Transverse section through two layered encased column 
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